Introduction: Poor harmonization of critical results management is present in various laboratories and countries, including Croatia. We aimed to investigate procedures used in critical results reporting in Croatian medical biochemistry laboratories (MBLs). Materials and methods: An anonymous questionnaire, consisting of 24 questions/statements, related to critical results reporting procedures, was send to managers of MBLs in Croatia. Participants were asked to declare the frequency of performing procedures and degree of agreement with statements about critical values reporting using a Likert scale. Total score and mean scores for corresponding separate statements divided according to health care setting were calculated and compared. Results: Responses from 111 Croatian laboratories (48%) were analyzed. General practice laboratories (GPLs) more often re-analyzed the sample before reporting the critical result in comparison with the hospital laboratories (HLs) (score: 4.86 (4.75-4.96) vs. 4.49 (4.25-4.72); P = 0.001) and more often reported the critical value exclusively to the responsible physician compared to .03), P < 0.001). High total score (4.69 (4.56-4.82)) was observed for selection of the critical results list issued by the Croatian Chamber of Medical Biochemistry (CCMB) indicating a high harmonization level for this aspect of critical result management. Low total scores were observed for the statements regarding data recording and documentation of critical result notification. Conclusions: Differences in practices about critical results reporting between HLs and GPLs were found. The homogeneity of least favorable responses detected for data recording and documentation of critical results notification reflects the lack of specific national recommendations.
Introduction
In the last few decades, increasing evidence has emerged that the pre-and post-analytical phases of the total testing process are more prone to errors than the highly automated analytical phase. Consequently, the focus of interest of the medical laboratory community shifted to reinforcing the quality of the post-analytical phase as a necessary step in error reduction and patient safety improvement. A key post-analytical issue at the laboratoryclinical interface is the effectiveness of laboratory data communication, i.e. critical test results reporting (1, 2) .
A critical result is any result that is so extremely abnormal that can be considered life threatening or could result in significant morbidity and which, therefore, require urgent action, as originally defined by Lundberg over 40 years ago (3, 4) . Timely release and reporting of critical results is essential for optimal clinical care. The importance of critical results reporting has been recognized by international accreditation and regulatory bodies. The EN ISO 15189:2012 standard and accreditation standards in the UK, USA and Australia, require that laboratories establish documented procedures for the immediate notification of results that fall within established "alert" or "critical" intervals to responsible clinical personnel (5, 6) . Furthermore, critical results reporting (i.e. notification of Milevoj Kopcinovic L. et al. Croatian survey on critical results reporting critical values) was included in the consensus list of quality indicators of the International Federation of Clinical Chemistry and Laboratory Medicine Working group on laboratory errors and patients safety's (IFCC LEPS) as a process indicator of first priority for the evaluation and monitoring of post-analytical quality (7, 8) .
Since accreditation standards give just general guidance and no specific or universally applicable procedure in managing critical results is proposed, practices related to critical results reporting are heterogeneous among laboratories and countries. Accordingly, several national professional organizations carried out surveys to investigate practices and policies of critical result management in their countries in an attempt to formulate specific recommendations and finally harmonize critical result notification (9) (10) (11) (12) (13) .
In 2006 the Croatian Chamber of Medical Biochemists (CCMB) issued a supplement of good laboratory practice standards currently used in the majority of laboratories in our country. This document was entitled "Critical values", and after a brief definition of the term, it stated that "laboratory should inform the physician about the critical result only after repeating the measurement and after result verification by a competent person who should discuss the obtained result with the physician". Furthermore, a critical results list was compiled comprising threshold values for various analytes, both for adults and children ( Creatine kinase > 1000 U/L Notification depends on the patient population of the clinic or practice in question.
Materials and methods

Questionnaire
D-dimers Positive
In disseminated intravascular coagulation (DIC), detection of D-dimers is indicative of phase II (decompensated activation of the haemostasis system) or phase III (full-blown DIC). Digoxin > 2.0 μg/L (2.56 nmol/L) Non-cardiac symptoms such as tiredness, muscle weakness, nausea, vomiting, lethargy, and headache and cardiac symptoms such as sinus arrhythmia, bradycardia, and various degrees of AV block.
Fibrin monomers Positive
Indicative of consumption coagulopathy in disseminated intravascular coagulation, sepsis, shock, multiple injury, acute pancreatitis, and obstetric complications. Lactate dehydrogenase > 500 U/L Notification depends on the patient population of the clinic or practice in question.
Leukocyte count < 2 x10 9 /L High risk of infection if the granulocyte count is < 0.5 x10 9 /L.
> 50 x10 9 /L Indicative of leukemoid reaction, e.g. in sepsis, or of leukemia.
Lipase > 700 U/L Indicative of acute pancreatitis.
Characteristic symptoms are paresthesias, cramp, irritability, and athetoid tetany. The patient often shows cardiac arrhythmia in conjunction with hypokalemia; arrhythmia is intensified by digitalis.
Reduction of neuromuscular impulse transmission, resulting in sedation, hypoventilation with respiratory acidosis, muscle weakness, and reduced tendon reflexes.
Myoglobin > 110 μg/L Myocardial infarction should be suspected in patients with angina pectoris.
Sodium
< 120 mmol/L Tonicity disturbances caused by disorder of the mechanism ADH-thirst, water absorption or the ability of the kidney to concentrate or dilute the urine. 
Statistical analysis
The questionnaire's internal consistency was determined by calculating Cronbach's alpha coefficient (α). Value of alpha > 0.70 indicates good survey reliability (15) . Demographic characteristics of surveyed laboratories were presented as numbers and percentages (for questions on type of laboratory and critical results reporting policies). Responses to individual statements were presented as mean score with corresponding 95% confidence interval (CI). The mean score was calculated from scores for corresponding separate statements divided according to health care setting. Total score with 95% CI for all statements was calculated as the mean of all individual responses' score. Since parametric methods are robust enough and can be used on ordinal data, we used a parametric statistical approach for data analysis (16) . Differences in obtained scores between two groups were calculated using the Mann-Whitney test for independent samples. P < 0.05 was considered statistically significant. All statistical analyses were performed using MedCalc statistical software version 11.5.1 (MedCalc, Mariakerke, Belgium).
Results
Cronbach's alpha coefficient for our survey was α = 0.79, indicating a good reliability of the obtained test scores. A total of 111 laboratories participated in this survey, which represents 48% of MBLs. The total score of 3.64 (3.57-3.72) (on a scale from 1 to 5) for all statements surveyed was obtained.
The characteristics of the participating laboratories and general critical results policies are presented in LIS -laboratory information system; HIS -hospital information system; MSc -master of medical biochemistry; Specialistsspecialists in laboratory medicine. 
Discussion
In this investigation, we surveyed policies and procedures currently used in critical results reporting in Croatia. The total score of 3.64 (on a scale from 1 to 5) for all statements surveyed can be regarded as an indicator of very good practice in critical results reporting in Croatia. However, considerable deviations from desirable procedures for critical result reporting were demonstrated for statements regarding recording and documentation of critical results notification. The homogeneity of least favorable responses (evidenced by lower scores) detected for this segment of critical result reporting procedures reflects the lack of specific and definite recommendations (local and / or national).
Although critical results comprise just up to 2% of all laboratory results, it is the MBL's responsibility to monitor this important part of the post-analytical phase (11, 17) . Accreditation and patient safety standards require MBLs to have a management system for timely and reliable critical results notification. Key procedures in a critical results management system that require harmonization are: a) definition of the term "critical result", b) compilation of a critical limits list, c) definition of critical result reporting procedures, with special emphasis on timeliness of reporting, and communicating procedures as to who reports, to whom the critical result is reported and how is receipt of the result CCMB -Croatian Chamber of Medical Biochemists; Total score and mean scores for hospital and general practice laboratories are presented as mean (95% CI); 95% CI -95% confidence interval. Difference between hospital and general practice laboratories mean scores were calculated the Mann-Whitney test for independent samples. P < 0.05 was considered statistically significant. *Statistically significant difference. (19) and MBLs in Croatia mostly agree that it comprises all the analytes necessary for their routine work. Hospital laboratories, however, opine that the CCMB list of critical results needs reviewing and up-dating. The CCMB list of critical values has contributed greatly to the harmonization of this aspect of critical result management, but it must be emphasized that critical result lists should be tailored by each individual laboratory, in consultation with physicians/clinicians, thus implementing data from published literature with professional experience (5, 17, 20) . Expectedly, this aspect of critical results management will hardly ever achieve complete national harmonization.
Since national recommendations for critical results reporting procedures are not available in Croatia, differences in critical results reporting between MBLs surveyed were detected. Our results suggest that critical result reporting is considered a responsibility of all laboratory personnel since the majority of MBLs investigated declared that technical as well as managing staff are involved in critical results communication. This is in contrast with findings from previously published surveys. Results from the majority of similar national surveys indicate that laboratory technicians, who performed the test, were responsible for critical result reporting (10) (11) (12) (13) 21) . However, in Italy laboratory managers are predominantly involved in critical test result communication (9, 22) .
A 90.9% of MBLs surveyed in Croatia stated to use the phone as the preferred mechanism for critical result reporting. These results are in accordance with all previously published data (11) (12) (13) 21, 22) . However, increasing interest has been demonstrated for alternative channels of communication, based on automation and/or information technology, that are faster and closer to the physician and the patient (13, (23) (24) (25) .
The EN ISO 15189:2012 standard for medical laboratories considers "physicians or other authorized health professionals" suitable recipients of critical results (6) . The CCMB document specifies that the physician is the acceptable recipient of critical results (14) . Our survey revealed that general practice laboratories in Croatia achieved a higher score, compared to hospital laboratories, regarding notification of critical results exclusively to responsible physicians. This result is very interesting since it has been demonstrated that contacting a physician, especially in an outpatient setting and/or after office hours, is considered the greatest obstacle to timely critical result reporting (9, 11, 13, 17) . It can be concluded that general practice laboratories in Croatia seem more determined and prone to comply with local regulations compared to hospital MBLs, although we acknowledge that hospital physicians cannot always be reached by phone because of the tasks' complexity in hospital care.
Re-analyzing of critical results before their notification is standard practice in Croatia (total score 4.72). Hospital laboratories achieved a lower score for re-analyzing before reporting critical result, which suggests lesser frequency of re-analyzing in this clinical setting. Indeed, although the CCMB recommends re-analyzing critical tests to rule out possible erroneous results, recent investigations demonstrated that re-analyzing of critical results adds little to test reliability, and ultimately to patient safety (17) . Additionally, repeated verifications necessarily delay critical results notification and increase laboratory costs (26) (27) (28) (17, 22, 29) . The obtained score for read-back procedures of critical results in Croatia indicates that this aspect of critical result management could be improved. Efforts should include education of laboratory but also medical staff to raise the awareness of importance of readback procedures for improving patient safety.
According to the EN ISO 15189:2012 standard, the laboratory should keep records of "actions taken that document date, time, responsible laboratory staff member, person notified and examination results conveyed, and any difficulties encountered in notifications" (6) . This data recording enables laboratories to monitor and measure their performance in notifying critical results and identify possible improvements (17) . Our results indicate that low mean scores, with practically no differences among hospital and general practice laboratories in Croatia, were observed for statements regarding recording of data and performance evaluation of critical result notification. It must be noted that hospital laboratories obtained slightly better scores for recording the identity of who reported the critical test result and recording the critical result notification on the test report. This extremely important aspect of critical result management calls for urgent improvement in Croatian laboratories.
We have to acknowledge a few limitations of our study. Firstly, the response rate of our nationwide survey was 48%, which means that our results may not be representative of all Croatian MBLs. Furthermore, data from our participants were self-reported and thus could not be independently verified.
In conclusion, our results confirm that considerable deviations from desirable procedures for critical result management are present in Croatia. Thus, the urgent need of nationally and/or locally established policies and procedures for the management of critical results is evident. Variations in practices reported after surveys on critical result reporting procedures have been observed to trigger the formulation of recommendations on critical results reporting (17, 30, 31) . Therefore, we believe that this investigation will contribute to the achievement of this desirable scenario in Croatia as well.
